Objective: To compare the ketoprofen TDS patch with diclofenac gel in the treatment of traumatic acute pain in benign sport-related soft-tissue injuries. Design: 7-14 treatment days, prospective, randomised, open study. Patients: Outpatients aged 18-70 years diagnosed for painful benign sport-related soft-tissue injury (sprains, strains and contusions within the prior 48 h), randomised to either ketoprofen patch 100 mg once daily (n = 114) or diclofenac gel 2-4 g three times daily (n = 109). Intervention: 7-14 days of topical non-steroidal anti-inflammatory drugs treatment to assess the pain intensity changes (daily activities and spontaneous at rest) in a daily diary (100-mm Visual Analogue Scale (VAS)).
O ver the past several decades, although the health benefits of exercise outweigh the risks, occurrences of injuries associated with sports activities have become commonplace. Sports-related injuries most often result in pain associated with soft-tissue injuries, such as sprains, strains and contusions. 1 Although not serious, in these injuries an inflammatory reaction occurs locally, with resultant swelling and pain, and results in temporary disability.
The use of non-steroidal anti-inflammatory drugs (NSAIDs) has proved to be effective in the treatment of soft-tissue injuries and it has been shown to be of benefit in the early resolution of soft-tissue injuries because of their ability to inhibit prostaglandin synthetase activity. 2 3 Currently, the most widely recommended and used drug treatment for the pain associated with these sporting injuries are orally administered drugs, such as NSAIDs, including aspirin and paracetamol. 4 Oral NSAIDs reach the site of activity only after the drug enters the systemic circulation. To have an adequate local effect they must reach relatively high systemic levels and they can cause important systemic side effects. 5 6 In contrast, topically applied NSAIDs can provide directed and focal relief without systemic activity. Topical drugs are applied on the skin overlying the injured and painful body region. The drug then penetrates the skin, subcutaneous fatty tissue and muscle in a sufficient amount to exert therapeutic effects, whereas plasma levels remain low, and directly acts within the injured site without the need for systemic activity. 7 Topical NSAIDs offer the advantage of local, enhanced drug delivery to affected tissues that can produce clinically meaningful results with a reduced incidence of systemic adverse events, such as peptic ulcer and gastrointestinal haemorrhage and without drug-drug interactions. 8 A recent quantitative systemic review of randomised controlled trials concluded that topical NSAIDs are effective in relieving the pain associated with soft-tissue injuries without systemic adverse reactions. 9 A new topical dosage form (patch), containing ketoprofen as the active agent, was jointly developed by Labtec GmbH (Langenfeld, Germany) and Appplied Pharma Research (APR, Balerna, Switzerland). Ketoprofen transdermal delivery system (TDS) patches (size 826110 mm; surface 90 cm 2 ) are made up of three layers: (1) a backing textile layer of polyester, longwise and crosswise elastic, (2) a matrix of 20% ketoprofen in acrylic pressure sensitive adhesive corresponding to 100 mg ketoprofen per patch and (3) a release liner of polyethylenterephtalat foil, 100 mm, which has one of both sides siliconised. This patch allows release of ketoprofen over 24 h, and a continuous presence of the active substance at the injury sites.
Safety preclinical studies were performed on the ketoprofen TDS patch. There were no dermal reactions, no irritation for the skin or for the eye as a single dose, and no significant irritation in repeated-dose studies. [10] [11] [12] [13] The in vitro percutaneous absorption from the ketoprofen TDS patch was nearly linear over at least 72 h, 14 15 thus showing it was effective as a once daily administration.
14 The in vivo transdermal absorption from the ketoprofen TDS patch was evaluated in rabbits with shaved skin and showed an effective delivery from the patch during the application to the skin and a good skin adhesion. The average total systemic exposure, as expressed by the area under the curve, correlated to the amount released from the patch and reached about 10%. 16 With all those characteristics, the once a day dosage was likely to ensure a better compliance, in comparison with creams, gels and sprays which often require 3-4 applications per day. 17 18 19 The aim of this multicentre study was to assess the efficacy, tolerability and patient's acceptability of a new NSAID drug delivery system, a ketoprofen TDS patch administered once a day, in the treatment of pain associated with acute minor sportrelated soft-tissue injuries, in comparison with one of the most widely used topical NSAIDs in Spain, diclofenac sodium gel (dolotren gel, FAES Farma S.A., Madrid, Spain) administered three times a day.
MATERIALS AND METHODS
Subjects who showed a painful benign sport-related soft-tissue injury (sprains, strains and contusions) of upper or lower limbs, except fingers and toes, which became recently evident (.48 h before the initial study visit) were considered for admission into the study.
Subjects were informed of the procedures, completed a pretest health-screening questionnaire and provided written informed consent. Experimental procedures were approved by the independent ethics committees of the participating centres in accordance with the Helsinki Declaration (Faculty of Science, Kingson University, London, UK).
The main inclusion criteria were: aged between 18 and 70 years, diagnosed in the previous 48 h maximum with a painful benign sport-related soft-tissue injury and with spontaneous pain at rest and pain during daily activities, >35 mm on a 100-mm Visual Analogue Scale (VAS). Additionally, women of child-bearing age had to be surgically incapable of pregnancy or using an acceptable method of birth control.
Study design
A phase IIIb, multicentre, open label, active control and randomised parallel-group study planned for 240 patients with traumatic acute pain in benign sport-related soft-tissue injuries. This was a study with direct individual benefit. Patients were randomly allocated to one of the two groups: (a) Ketoprofen TDS patch once daily for 7 or 14 days; or (b) diclofenac gel three times per day for 7 or 14 days.
The duration of the treatment, between 7 and 14 days, was a decision that the investigator made at the time the patient was randomised, based on the severity, location and type of lesion. One of the most useful topical NSAIDs in Spain was used as the active control, diclofenac sodium gel administered three times a day. This active control design followed the recommendations of the Committee for Proprietary Medicinal Products note for guidance of the clinical development of medicinal products for treatment of pain (CPMP/EWP/612/00).
As one of the treatment drugs was administered in a patch and the active control was to be dispensed as a gel, there was no way to blind the drug administration and so an open-label design was used.
Efficacy measurements included change in pain during daily activities, change in spontaneous pain at rest, onset of the analgesic effect, change in global clinical condition, symptoms of the injury site, daily diary variables (quality of sleep, functional disability, pain intensity, pain relief, use of rescue medication) and global evaluation of the treatment (both investigator and patient). Tolerability measurements included adverse events, physical examination and global evaluation of the tolerability (both investigator and patient).
The study was performed in strict compliance with the Declaration of Helsinki (18th World Medical Assembly, 1964) and its last revision (Edinburgh, October 2000). Additionally, the study was conducted in compliance with the International Conference on Harmonization principles of Good Clinical Practice. The study protocol, the case report form and the informed consent form were approved by the independent ethics committees of the 16 participant centres before the recruitment period.
Statistics
The sample size was determined to show that the ketoprofen patch the showed comparable clinical efficacy with respect to diclofenac gel (''pain during daily activities (on VAS)'' difference at day 7 less than D = 10 mm), assuming a standard deviation of the mean distribution of no .23 mm, an a level of 5%, and a b level of 10%, giving a statistical power of 90%. With a predicted withdrawal rate of 5%, the estimated necessary sample size was 120 patients for each group.
Demographics and baseline, including all the randomised patients, were compared within the two groups. The numerical efficacy end points were assessed with an analysis of covariance model (with 95% CI least square means), the change in pain being used as the dependant variable and the baseline pain as a covariable and the treatment group as the main factor. A last observation carried forward (LOCF) approach was used to estimate the missing values. The categorical data were analysed with a x 2 , Mantel-Haenszel or Fisher's exact test. Survival analysis (Kaplan-Meier test) was used to test the time to maximum pain intensity difference, time to the analgesic effect and time to the maximum pain relief.
The principal analysis of efficacy was made on the intention to treat (ITT) population, and a secondary analysis on the perprotocol population (deviations evaluated by the Data Monitoring Committee).
Adverse events were coded for verbatim with the medical dictionary for regulatory activities. The Fisher's exact test was used for all the comparisons if applicable. The overall assessments reported by both the investigator and the patient were analysed by Fisher's exact test.
The statistical analysis was performed using SAS V.8.2 software.
RESULTS
A total of 232 subjects were enrolled and randomised. In all, 180 (77.6%) completed the study protocol. Because no data existed for nine subjects lost to follow-up, a total of 223 (96.1%) subjects were included in the ITT analysis.
The mean age of subjects was 28.8 (range 18-58) years. In all, 173 were men and 50 women. Moderate to high sporting activity level was practised by 80.3% of subjects and only two subjects did not engage in any sporting activity. A total of 47 subjects had sprains, 60 had strains and 84 had contusions, and the rest had mixed patterns. The two most common sites of injury were ankle (23.3%) and thigh (20.2%). Football (34.5%) and athletics (20.2%) were the most common sports. In all, 14 subjects had had a previous injury at the same site, and 45 subjects had had no previous soft-tissue injury in the previous 12 months. The mean initial pain score (VAS) in daily activities was 71.98 (range 40-100) mm. Functional disability, loss of passive range of motion, loss of passive isometric contraction and pain on pressure were the most frequent symptoms. There were no statistically significant differences between the groups for any demographic measure (table 1) or for any baseline symptoms assessment (table 2) .
The ketoprofen patch was not inferior to diclofenac gel in reducing the baseline pain during daily activities, as the adjusted difference between treatments after 7 treatment days was ,10 mm (-1.17 mm in favour of ketoprofen patch, with a 95% CI between -5.86 and 3.52). The ketoprofen patch reduced up to 79% of the baseline pain during daily activities after 7 days of treatment, and diclofenac gel reduced 77% of the baseline pain during daily activities. The sensitivity analysis (per protocol population, and LOCF for non-completers) showed similar results.
We did not observe any statistically significant influence on the pain during daily activities from potential risk factors such as the age, sex, precipitant factors, nature and location of injury, ice usage and soft-tissue injury in extremities during the past year.
The ketoprofen patch was good at reducing pain both at rest and with activities of daily living (fig 1) , similar to diclofenac; the median time to maximum difference in pain (at rest and with activities of daily living) in both groups was 6 days.
The ketoprofen patch had a higher cure rate related to the injury global clinical condition than diclofenac gel at day 7 (p = 0.004), with almost 64% of the patients considered as ''cured'' with the ketoprofen patch when compared with 46% of those treated with diclofenac gel.
Moreover, the ketoprofen patch provided greater pain relief on full passive motion at day 7 (p = 0.046) and at day 14 (p = 0.040), and greater pain relief on pressure at day 7 (p = 0.010). We observed a similar efficacy profile in both groups for other clinical assessments such as swelling, muscle stiffness, bruising, quality of sleep, functional disability or pain on passive isometric contraction.
The percentage of patients who required rescue drug (paracetamol) was lower in the ketoprofen patch group (20.2%) than in the diclofenac group (31.2%) at days 3-4 (p = 0.059), but the difference was not statistically significant.
The investigators global assessment of efficacy and tolerance, and the patients global assessment of efficacy/tolerance, acceptability, pharmaceutical shape, application and dosage standard were statistically higher (p = 0.001) for the ketoprofen patch than for the diclofenac gel (fig 2) . More than 85% of the patients treated with the ketoprofen patch considered that the treatment had a good or excellent application and dosage form.
In all, .80% of the patients rated the patch removal and skin adherence for the ketoprofen patch as good or excellent.
From the safety point of view, there were no differences between treatment groups in the percentage of patients with adverse events, with a very low incidence: 4.3% for the ketoprofen patch and 0.1% for diclofenac gel. The only related adverse events were two cases of erythema with the ketoprofen patch. There were no serious adverse events.
DISCUSSION
The study has confirmed that the ketoprofen patch (once daily) was not inferior to diclofenac gel (three times per day) in Figure 1 Change in pain during daily activities during the study (mean and 95% confidence interval).
reducing the baseline pain during daily activities, as it did not present an efficacy ,10% of that with diclofenac gel. Both treatments produced a significant decrease in pain during daily activities in patients with sport-related soft-tissue injuries. In addition, the ketoprofen patch presented a higher efficacy (difference of -1.17 in favour of ketoprofen patch with a 95% CI between 25.86 and 3.52). This difference meant a reduction of up to 79% of the baseline pain during daily activities after 7 days of treatment compared with the 77% reduction obtained with diclofenac gel. This conclusion was also confirmed with the per protocol analysis and with a LOCF approach to estimate the missing information. Naturally, as the main protocol violation was due to low compliance, the mean difference between treatment groups was higher in the per protocol population than in the ITT population.
The mean age was between 28 and 30 years, and most patients were men performing active work, with .85% usually engaged in moderate to high intensity sporting activity. Football and athletics are the most frequently practiced sports.
Finally, over 95% of the randomised sample were considered for the ITT analysis and almost 80% for the per protocol analysis, giving a sample size large enough to confirm the statistical hypothesis for both analyses.
We observed in this study a pain relief similar to that published in previous studies for the ketoprofen patch, 20 21 for diclofenac gel 22 and a diclofenac patch, 23 but the ketoprofen patch results have been obtained with a single daily dose and after just 1 week of treatment.
Additionally, the change in pain during daily activities from baseline to visit two was analysed according to several baseline variables (age, sex, precipitant factor, nature and location of injury, ice usage and soft-tissue injury in extremities last year) in order to identify any factor that could have influenced the results. As none of those factors was identified as having a statistically significant influence in the model, the primary efficacy analysis was appropriate to assess the change in pain during daily activities.
For the secondary efficacy variables, the ketoprofen patch presented a good efficacy profile, generally similar to diclofenac gel, in reducing the spontaneous pain at rest and the pain during daily activities, in improving symptoms and signs such as swelling, change in muscle stiffness, bruising, functional disability, pain on full passive motion, pain on passive isometric contraction, pain on pressure, need of rescue drug, sleep quality, pain intensity and pain relief.
Moreover, the ketoprofen patch presented higher efficacy rates than diclofenac gel for the change in functional disability at day 7, in quantitative pain on full passive motion at day 7 and 14, and in pain on pressure at day 7, in addition to a higher cure rate related to the injury global clinical condition, with almost 64% of the patients considered as ''cured'' with the ketoprofen patch when compared with 46% of those treated with diclofenac gel.
Additional areas where the ketoprofen patch fared better than diclofenac gel were the overall assessments of efficacy and tolerance (both investigator and patient), and the overall assessment of acceptability, treatment comfort related to pharmaceutical shape, application and dosage standard.
Ketoprofen has a good safety profile, similar to that of diclofenac: there was a very low rate of adverse events and clinical findings, with no difference between the two groups.
From an acceptability point of view, .80% of the patients rated the patch removal and the skin adherence as good or excellent.
In summary, the study has confirmed the patients' preference for the patch shown in other studies with topical NSAIDs, 20 21 23 not only for efficacy but also for tolerability and acceptability reasons. To our knowledge, there are no published studies comparing the ketoprofen patch with other NSAID patches in this indication; the good pain relief and tolerability shown, obtained with just a single daily ketoprofen patch and after just 7 days of treatment, in addition to the very good compliance obtained with this dosage form, recommend this patch for the treatment of traumatic acute pain in benign sportrelated soft-tissue injuries.
CONCLUSION
A ketoprofen patch once daily can be considered as efficacious as diclofenac gel three times per day with an additional better overall assessment of efficacy, tolerability, acceptance and comfort. It is a good option for the treatment of traumatic acute pain in benign sport-related soft-tissue injures. N Diclofenac sodium gel administered three times a day is one of the most widely used topical NSAIDs in Spain.
What this study adds
A ketoprofen patch once daily can be considered as efficacious as diclofenac gel three times per day for the treatment of traumatic acute pain in benign sport-related soft-tissue injuries, with an additional better overall assessment of efficacy, tolerability, acceptance and comfort.
